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Abstract

Neurodevelopmental Disorder with Regression, Abnormal Movements, Loss of Speech, and Seizures
(NEDAMSS) is an ultra-rare, progressive neurological disorder, with more than 60 individuals described in
the medical literature. It is caused by de novo mutations in the interferon regulatory factor 2 binding
protein-like (IRFZBPL) gene, leading to early-onset symptoms including seizures, developmental delays,
intellectual disability, and other severe neurological impairments, typically beginning in infancy or early
childhood. This review aims to consolidate and refine current knowledge on NEDAMSS, focusing on the
molecular functions of IRFZBPL, the spectrum of clinical features, and underlying disease mechanisms. A
comprehensive understanding of NEDAMSS is essential for guiding the development of targeted
interventions and therapeutic strategies to improve patient outcomes. By integrating current findings, we
focus both on the progress made and the gaps that remain in research, providing a foundation for future
studies to advance diagnosis, treatment, and overall patient care. We reviewed the published literature
through studies available up to 2025 to synthesize current knowledge on clinical features, genetics, and
proposed disease mechanisms. Reported phenotypes show substantial heterogeneity, and current
genotype-phenotype correlations remain limited by small cohorts and inconsistent reporting. Key next
steps include standardized phenotyping, natural history studies, and biomarker development to enable
trial-ready outcome measures and accelerate targeted therapy development.
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Introduction

Neurodevelopmental Disorder with Regression, Abnormal Movements, Loss of Speech, and Seizures
(NEDAMSS) is an ultra-rare genetic disorder caused by heterozygous, often de novo, variants in the
interferon regulatory factor 2 binding protein-like (/IRFZBPL) gene, which encodes the IRF2BPL protein [1,
2]. IRF2BPL is part of the IRF2BP family of transcriptional regulators, which includes IRFZBP1, IRFZBPZ,
and IRFZBPL. Members of this family are broadly implicated in transcriptional control and neural
development [3-5]. NEDAMSS is characterized by progressive neurological decline, with just over 60 cases
reported globally to date [6]. The clinical phenotype is heterogeneous and age-dependent. In childhood,
common features include developmental delay, intellectual disability, seizures, abnormal movements,
neurobehavioral symptoms, and ophthalmologic abnormalities. In adolescence and adulthood, patients are
more likely to exhibit progressive cognitive decline, anarthria, psychiatric symptoms, epilepsy, movement
disorders, and visual impairment [7, 8]. The disorder was first described in 2018 when several individuals
with early-onset neurodevelopmental regression and seizures were identified with truncating mutations in
IRF2BPL [1, 8, 9]. Since then, studies have expanded the known mutational spectrum of IRF2BPL and
clarified the range of associated phenotypes [1, 2, 9, 10]. Importantly, mutations in IRFZBPL result in
reduced production of functional IRF2BPL protein, ultimately leading to loss of its normal role in
maintaining neuronal health. While many disease-associated mutations are truncating, producing a
shortened, non-functional protein, others may disrupt the localization or stability of the full-length protein.
Patient-derived cells often show lower expression levels of full-length IRF2BPL, supporting the hypothesis
of a loss-of-function mechanism [1, 2, 11].

The IRF2BPL protein is believed to be critical for neuronal maintenance, and its dysfunction has
downstream effects on cellular pathways. Notably, loss of IRF2BPL function has been linked to upregulation
of the Wingless-related integration site (WNT/WG) signaling pathway, a crucial regulator of neural
development and cellular communication. Dysregulation of this pathway is thought to contribute directly to
the neurological manifestations observed in NEDAMSS [12, 13]. Functional similarities between IRF2ZBPL
and its homologs IRF2BP1 and IRF2BP2 may offer further mechanistic insights, though the precise
molecular cascades by which IRF2BPL loss leads to progressive neurodegeneration remain poorly
understood. Given its severity, early onset, and defined genetic basis, NEDAMSS serves as a valuable model
for exploring how single-gene dysfunction can drive complex neurodevelopmental regression.

This review consolidates current molecular and clinical knowledge of NEDAMSS and IRF2BPL,
emphasizing key gaps that remain. We examine the function of genes, associated protein biology, clinical
features, and emerging insights into disease mechanisms. By integrating genetic, molecular, and clinical
perspectives, we aim to elucidate how studies of this ultra-rare disorder can inform broader understanding
of neurodevelopmental disease and the consequences of transcriptional dysregulation in the brain.

Methods: search and selection

This review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA)-informed principles, adapted for a mechanism and therapy-focused narrative
synthesis, to ensure transparency, methodological rigor, and reproducibility. A comprehensive literature
search was performed using PubMed, Scopus, and Web of Science, applying a dual search strategy to
capture both the limited IRFZBPL-specific literature and the broader mechanistic blueprint relevant to
neuroprotection and disease modification. Targeted searches were designed to identify publications
directly addressing IRFZBPL and the IRFZBP family of transcriptional regulators (IRFZBP1, IRF2BPZ2), as
well as the clinical entity NEDAMSS.

Search terms included combinations of IRFZBPL, IRF2BP1, IRF2BP2, NEDAMSS, developmental
epileptic encephalopathy, progressive myoclonus epilepsy, and neurodevelopmental disorder. As expected
for an ultra-rare genetic condition, these searches yielded a small but highly informative body of literature
encompassing gene discovery, clinical phenotyping, and mechanistic studies. Non-targeted searches were
conducted to contextualize IRFZBPL-related pathology within neuroprotective and disease-modifying
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paradigms. These searches included terms related to WNT/B-catenin signaling, transcriptional
dysregulation, neuronal cell maintenance, synaptic dysfunction, cellular metabolism, neurodevelopmental
disorders, epileptic encephalopathy, neurodegeneration, and neuroinflammation. Although these searches
returned large numbers of publications, only studies providing clear mechanistic, conceptual, or
translational relevance to IRF2BPL dysfunction or potential therapeutic targeting were considered for
inclusion.

All research included studies published up to 2025. The combined database search identified 386
records (PubMed, n = 162; Scopus, n = 131; Web of Science, n = 93). After removal of 119 duplicate records,
267 unique articles remained for title and abstract screening. Of these, 175 articles were excluded due to
lack of relevance to IRFZBPL biology, IRF2BP family function, neuroprotective mechanisms, or associated
neurological phenotypes. The remaining 92 articles underwent full-text review and met all inclusion
criteria. Studies were included if they satisfied one or more of the following criteria: (i) direct investigation
of IRF2BPL or IRF2BP gene variants, IRF2BPL protein function, or regulatory mechanisms; (ii) clinical,
genetic, or pathological characterization of IRFZBPL-related neurodevelopmental or neurodegenerative
disorders, including NEDAMSS; or (iii) mechanistic studies providing disease-relevant insights into
pathways implicated in neuronal vulnerability or protection, including WNT/-catenin signaling,
transcriptional regulation, neuronal cell maintenance, synaptic integrity, metabolic homeostasis, and
neuroinflammatory processes. Eligible publication types included original research articles, case reports,
case series, cohort studies, experimental mechanistic studies, Gene Reviews, and authoritative reviews.
Studies were excluded if they (i) did not substantively involve IRFZBPL, IRF2BP family members, or closely
related neuroprotective pathways; (ii) lacked sufficient clinical or mechanistic relevance; or (iii) were non-
English publications without accessible translations.

Following full-text assessment, all 92 articles meeting eligibility criteria were included in the final
qualitative synthesis and are cited in this review. Emphasis was placed on recent publications from the past
decade to reflect advances in IRFZBPL genetics, disease phenotyping, and therapeutically relevant
mechanisms, while seminal earlier studies were retained when foundational to gene discovery,
transcriptional biology, or pathway regulation. In addition to IRFZBPL-focused studies, selected literature
addressing WNT/fB-catenin signaling, transcriptional co-regulators, neurodevelopmental and
neurodegenerative disease mechanisms, and neuroinflammation was incorporated to support an
integrative, neuroprotection-oriented interpretation. This approach enabled a comprehensive synthesis
linking IRF2BPL dysfunction to transcriptional dysregulation, impaired neuronal maintenance, progressive
neurodegeneration, seizure phenotypes, and candidate therapeutic pathways.

Role of the IRFZBPL

The IRFZBPL gene, positioned on chromosome 14q24, encodes IRF2BPL, a member of the IRF2BP family of
transcriptional regulatory proteins involved in neuronal gene expression [9]. A key feature of IRFZBPL is
that it is intron-less, consisting of a single continuous exon. Unlike most multi-exon genes, mutations
introducing premature stop codons in IRF2ZBPL transcripts are not subject to nonsense-mediated decay
(NMD). Consequently, truncated and nonfunctional protein fragments accumulate, which can disrupt
cellular function and contribute to disease pathogenesis [1, 10, 14]. The IRF2BPL protein is approximately
796 amino acids in length and contains two major structural domains: an N-terminal coiled-coil domain,
which facilitates protein-protein interactions, and a C-terminal RING finger domain, characteristic of E3
ubiquitin ligases [2]. The RING finger domain mediates ubiquitin-dependent protein degradation, a critical
process for eliminating misfolded proteins and maintaining cellular proteotoxicity [15]. This domain
architecture is shared with other family members, IRF2BP1 and IRF2BP2, which are established
transcriptional repressors [2, 3, 5].

Expression and function in the nervous system

Expression of IRF2BPL is tissue-specific, with particularly high levels in the central nervous system (CNS).
Studies in humans and Drosophila indicate that IRFZBPL expression changes across developmental stages,
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implying roles in both brain maturation and long-term neuronal maintenance [1, 2, 12]. Functional studies
suggest that IRF2BPL acts as a transcriptional repressor in neurons, regulating neuronal survival, synaptic
homeostasis, and axonal integrity [2, 12]. Loss-of-function experiments in Drosophila have linked IRF2BPL
deficiency to progressive neurodegeneration [12]. Mechanistically, these effects appear to involve
dysregulation of WNT signaling. Normally, IRF2BPL helps regulate (3-catenin turnover through
ubiquitination, thereby constraining WNT pathway activity. Mutations that impair this function result in
aberrant WNT signaling, protein accumulation, and neuronal dysfunction [1, 12, 15].

Pathogenic mutations

Pathogenic variants in IRFZBPL are typically de novo nonsense, frameshift, or missense mutations (gene),
often clustering within the C-terminal RING finger region [9, 10]. These mutations impair the E3 ligase
function and destabilize the protein. Because IRFZBPL is intron-less, NMD cannot correct these defects,
leading to the accumulation of toxic protein fragments. This pathogenic mechanism distinguishes IRFZBPL
from many other neurodevelopmental genes [10].

Dual cytoplasmic and nuclear roles

Although much of IRFZBPL function is cytoplasmic, where it contributes to protein degradation, autophagy,
and neuronal homeostasis, evidence also supports a nuclear role in transcriptional regulation [1, 12, 15].
Immunofluorescence and subcellular fractionation experiments demonstrate dual localization of IRF2BPL
in cytoplasmic and nuclear compartments [1, 12, 15]. In the lysosome and cytoplasm, deficiency leads to the
buildup of polyubiquitinated proteins, lysosomal dysfunction, and neuronal stress [1, 12, 16-18]. In the
nucleus, IRF2BPL acts as a transcriptional repressor, likely through recruitment of histone deacetylases
(HDAC1/2) and chromatin remodeling complexes [3, 5, 17, 18]. Nuclear localization appears to be mediated
by an N-terminal nuclear localization signal (NLS), though the precise sequence has not yet been fully
mapped. Once in the nucleus, IRF2ZBPL represses transcription of genes critical for neurodevelopment and
neuroendocrine regulation [3, 5].

Transcriptional repression targets

Several transcriptional targets of IRF2BPL have been identified, and together they suggest that this protein
plays an essential role in integrating neurodevelopmental and neuroendocrine regulation. One of the best-
characterized targets is the gonadotropin-releasing hormone (GnRH). IRF2BPL, also known as enhanced at
puberty 1 (EAP1), directly represses GnRH promoter activity in hypothalamic neurons, linking it to
neuroendocrine regulation and the initiation of puberty [16, 17]. This finding establishes a mechanistic
connection between IRF2BPL dysfunction and possible disturbances in reproductive development.

In addition to GnRH, IRF2BPL has been shown to repress immediate early genes (IEGs) such as c-Fos
and Egrl. These genes are activity-dependent transcription factors that play crucial roles in synaptic
plasticity and neuronal activity regulation. By limiting their expression, IRF2BPL helps maintain
appropriate levels of neuronal excitability and activity-dependent gene programs. Dysregulation of these
pathways could contribute to abnormal synaptic function and progressive neurodegeneration, as observed
in NEDAMSS [16].

Beyond these established targets, other genes have been proposed as plausible downstream regulators
of IRF2BPL activity. For instance, brain-derived neurotrophic factor (BDNF), a neurotrophin essential for
neuronal cell survival, synaptic function, and long-term potentiation, may be regulated directly or indirectly
by IRF2BPL. While evidence for this remains preliminary, such a connection would align with the observed
phenotypes of neuronal cell vulnerability and impaired plasticity in IRF2ZBPL-related disorders [19].
Similarly, neurogenic differentiation 1 (NEURODI1), a transcription factor that drives neuronal
differentiation and lineage commitment, represents another compelling candidate target. Dysregulation of
NEUROD1 could help explain the neurodevelopmental regression that characterizes NEDAMSS [20]. The
influence of IRF2BPL may also extend into neuroendocrine signaling beyond GnRH. The genes KISS1 and
TAC3, which are essential for puberty and regulation of the reproductive axis, are plausible downstream
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targets of IRF2BPL repression [21, 22]. If validated, these links would broaden the role of IRF2ZBPL in
coordinating the interface between neuronal development and endocrine function.

At the mechanistic level, IRF2BP family members, including IRF2BPL, undergo SUMOylation, a post-
translational modification that enables their recruitment to promyelocytic leukemia nuclear bodies (PML-
NBs). Within these nuclear compartments, IRF2BPL interacts with HDACs and co-repressor complexes to
enforce transcriptional silencing. Mutations that impair SUMOylation or disrupt these protein-protein
interactions could result in uncontrolled activation of developmental and neuroendocrine genes. Such a loss
of transcriptional repression provides a plausible mechanism for the progressive neurological decline
observed in NEDAMSS [3, 5, 23].

Together, these findings suggest that IRF2BPL is a multifunctional protein that operates in both the
cytoplasm and nucleus. In the cytoplasm, it maintains proteostasis through ubiquitin-mediated degradation
and autophagy, whereas in the nucleus, it acts as a transcriptional repressor of genes critical for
neurodevelopment and neuroendocrine regulation. Pathogenic variants, particularly those affecting the
RING finger domain, compromise its E3 ligase activity and destabilize its transcriptional repression
function. The combined effects, such as accumulation of toxic protein aggregates, impaired autophagy,
dysregulated WNT signaling, and aberrant gene expression, cause the neuronal vulnerability and
progressive neurological deterioration characteristics of NEDAMSS.

Clinical features

The earliest and most prominent feature of NEDAMSS is developmental regression, which typically
manifests between the ages of 2 and 6 years. Children who had previously achieved developmental
milestones begin to lose speech, motor abilities, and cognitive skills. In some cases, regression can begin
later, even after the age of 10 [9, 10, 12, 24-26]. The regression process is variable, where some children
experience a rapid decline over a few months, while others show a slower, more gradual deterioration.
Despite this heterogeneity, the overall path is a similar progressive loss of skills that were once mastered
[24, 27-31]. This regression is irreversible, though supportive therapies may help stabilize or modestly
slow its progression [1, 2].

Speech is often the first function affected, initially presenting as slurred or unclear speech, followed by
gradual language loss [9, 10, 24]. Early presentations of loss of speech typically include slurred speech to
significant language and speech decline [24]. Over time, many patients develop severe expressive language
decline, progressing in some cases to complete anarthria [24, 31-33]. Alongside speech decline, motor
regression is another defining feature. Patients gradually lose coordination, ambulation, and fine motor
skills, ultimately increasing dependence on caregivers for daily activities [24, 33]. Severe cases may present
early and profound motor impairment. Abnormal movements are frequently observed during or after the
regression phase and represent a hallmark of NEDAMSS. These manifestations include dystonia, a
neurological movement disorder characterized by sustained or intermittent involuntary muscle
contractions that produce twisting, repetitive movements or abnormal postures; chorea, which involves
rapid, irregular, and unpredictable “dance-like” movements often affecting the hands, feet, and face; ataxia,
defined by impaired coordination that leads to unsteady gait, clumsiness, balance difficulties, and
sometimes dysarthria; and tremors, involuntary, rhythmic oscillatory movements affecting one or more
body parts. The severity of these motor abnormalities can vary widely, ranging from subtle postural
changes to profound, disabling movement disorders that substantially impair mobility. Collectively, these
abnormal movements, alongside progressive motor decline, significantly compromise independence,
posture, and overall quality of life [7, 9, 24-26, 31-33].

Seizures are another major clinical feature and often appear after speech and motor regression have
begun. They typically emerge in middle childhood but may also develop during adolescence or, in rare
cases, early adulthood. The types of seizures observed include focal, myoclonic, and atonic seizures [7, 25-
28, 30]. As with other symptoms, severity varies; some patients develop refractory epilepsy, while others
respond relatively well to anti-seizure treatments [24, 29, 33]. The onset of seizures often coincides with or
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accelerates cognitive and behavioral decline, suggesting shared mechanistic reinforcements between
electrogenesis and neurodegeneration in NEDAMSS. In addition to the four cardinal features (e.g.,
regression, loss of speech, abnormal movements, and seizures), patients exhibit a broader spectrum of
neurological and systemic symptoms. Cognitive impairment ranges from mild to severe intellectual
disability, and many patients demonstrate behaviors resembling autism spectrum disorder (ASD), including
irritability, hyperactivity, and ASD-like social difficulties [24, 33, 34]. Sleep disturbances are common, often
linked to painful dystonia and tremors during the night, which lead to insomnia and daytime fatigue [25].
As oral-motor dysfunction progresses, feeding difficulties emerge, sometimes necessitating gastrostomy
tube placement. In advanced cases, respiratory complications develop and may become life-threatening [9,
24].

Ophthalmologic manifestations are also documented. Strabismus is relatively common, while cortical
visual impairment has been reported in some patients, reflecting deficits in visual processing despite intact
ocular structures. More rarely, optic nerve hypoplasia has been observed. These visual problems contribute
to learning difficulties, mobility challenges, and increased dependence [9, 24]. Genotype-phenotype
correlations are still emerging, but early evidence suggests that truncating variants of IRF2BPL could be
associated with earlier onset and more severe disease, whereas some missense variants may lead to later
onset or milder progression [9, 10, 24]. Importantly, NEDAMSS is caused by de novo heterozygous variants
in IRF2BPL, consistent with an autosomal dominant mechanism. While recurrence risk for siblings is
generally low, it cannot be excluded if parental mosaicism is present [9, 10].

Because NEDAMSS was first described in 2018, its rarity and phenotypic overlap with other disorders
make diagnosis challenging [9, 10]. Its core features can be mistaken for Rett syndrome, ASD, cerebral
palsy, or mitochondrial and metabolic diseases [9, 31]. However, certain distinguishing features can help
differentiate NEDAMSS, which is the later age of onset compared to Rett syndrome or cerebral palsy; the
lack of dysmorphic features, which are common in mitochondrial disorders; and the absence of progressive
vision loss, which is often seen in neuronal ceroid lipofuscinoses [9, 24, 31-33].

Laboratory evaluations for metabolic disorders are typically unremarkable, providing limited
diagnostic direction in most individuals. Neuroimaging is similarly nonspecific in the early stages, as MRI
scans may appear normal before gradually evolving to show mild cerebral or cerebellar atrophy over time
[35]. Electroencephalography tends to offer more consistent evidence of neurological dysfunction,
frequently demonstrating background slowing and epileptiform discharges [36]. Because these routine
clinical assessments often yield nondiagnostic or only subtly abnormal findings, genetic testing becomes
essential for identifying rare neurodevelopmental conditions [37]. In this context, whole-exome sequencing
remains the most reliable and informative approach, enabling definitive confirmation of pathogenic
IRF2BPL variants that underlie the disorder [10, 26, 27, 30, 32].

Despite increasing recognition, NEDAMSS remains substantially underdiagnosed. At the time of its
initial description, only about 34 cases had been reported, and although the number has since grown to
more than 60 confirmed individuals worldwide, the true prevalence is almost certainly higher [9, 24, 31,
33]. The marked phenotypic variability, ranging from early developmental delay to later-onset regression,
movement disorders, and epilepsy, further complicates clinical recognition. In regions with limited access
to genomic testing, these challenges are amplified, increasing the likelihood that additional individuals
remain undiagnosed or misdiagnosed.

Currently, there are no disease-modifying therapies for NEDAMSS, and treatment is primarily
supportive, requiring a multidisciplinary approach [2]. Seizure management is central, with anti-seizure
medications such as levetiracetam or valproate commonly prescribed, though drug resistance is frequent
[30, 33]. Movement disorders may be treated with medications such as baclofen or botulinum toxin, and
physical therapy is often employed to preserve mobility as long as possible. Speech therapy and
augmentative communication devices help maintain communication, while feeding support, including
swallow assessments and gastrostomy feeding, becomes necessary as oral-motor skills decline [24].
Behavioral and cognitive challenges are managed with occupational therapy, behavioral interventions, and,
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when appropriate, medications to address irritability or sleep disturbances [34]. In advanced disease
stages, proactive respiratory support is critical, including vigilant monitoring for aspiration and
implementation of respiratory therapy when clinically indicated [9].

Supportive care remains a central component of management for patients with NEDAMSS, extending
not only to patients but also to their families. Multidisciplinary coordination across neurology, physical and
occupational therapy, nutrition, and, when appropriate, palliative care services is essential for optimizing
day-to-day functioning and long-term well-being [1, 12]. Because NEDAMSS is a progressive
neurodevelopmental disorder, families often experience substantial emotional, logistical, and caregiving
burdens, drawing attention to the importance of ongoing counseling and psychosocial support.

Alongside supportive care, active research efforts are advancing potential therapeutic strategies.
Preclinical studies in animal and cellular models have evaluated WNT-signaling inhibitors and autophagy-
enhancing agents as approaches to mitigate the downstream molecular consequences of IRF2ZBPL
dysfunction [1, 2, 12]. Early exploratory work in gene-directed therapies, including antisense
oligonucleotides and adeno-associated virus (AAV) mediated gene delivery, is also underway [2, 23].
Although these approaches remain experimental, they represent promising steps toward future disease-
modifying interventions. Until such therapies mature, clinical management continues to focus on
maximizing quality of life through comprehensive, anticipatory, and family-centered supportive care.

Pathogenic mechanisms driving NEDAMSS

Although the pathogenic mechanism underlying NEDAMSS is not yet fully resolved, multiple converging
lines of evidence indicate that IRFZBPL loss-of-function represents the primary driver of disease.
Developing observations further suggest that mislocalized or truncated IRF2BPL species may impose an
additional gain-of-burden effect through aberrant protein interactions, impaired proteostasis, or
cytoplasmic aggregation, but these secondary processes appear to amplify, rather than replace, the core
loss-of-function mechanism. Collectively, these insights provide a mechanistic bridge between the period of
early normal development in affected children and the subsequent onset of progressive neurological
decline. Central to this line is a de novo pathogenic IRFZBPL variant that yields truncated or dysfunctional
protein fragments, which compromise neuronal cell maintenance, destabilize proteostasis networks, and
ultimately promote neurodegeneration [1, 9, 10, 12, 24].

Under physiological conditions, IRF2BPL functions as an E3 ubiquitin ligase, a role essential for
maintaining neuronal proteostasis given the high metabolic demands and vulnerability of neurons to
protein misfolding [1, 15]. By ubiquitinating damaged or misfolded proteins, IRF2BPL facilitates their
proteasomal degradation. Pathogenic variants impair this function, reducing ubiquitination efficiency and
leading to the accumulation of misfolded and polyubiquitinated proteins within neurons. The resulting
proteostatic burden disrupts axonal transport, perturbs lysosomal function, and imposes chronic cellular
stress [1, 12]. IRF2BPL deficiency disrupts multiple cellular processes, contributing to the progressive
neurodegeneration characteristic of NEDAMSS [1, 2, 12].

IRF2BPL functions as a critical regulator of WNT /WG signaling, a pathway essential for neuronal
differentiation, synaptic development, and circuit maturation [1, 12, 38]. WNT/WG pathway dysregulation
is a shared pathogenic feature across Alzheimer’s disease, ASD, Parkinson’s disease, and major
neuropsychiatric disorders, where it contributes to synaptic failure, neurodevelopmental disruption,
dopaminergic neuron vulnerability, and impairments in higher-order cognitive function (Table 1).
Mechanistically, IRF2BPL normally represses WNT target gene expression and promotes (-catenin
ubiquitination, thereby constraining pathway activity [1, 12]. When IRF2BPL is defective, 3-catenin escapes
ubiquitination and accumulates, leading to pathological overactivation of WNT signaling. This dysregulated
signaling environment drives aberrant synaptic growth, heightened neuronal excitability, and progressive
cellular dysfunction and degeneration [1, 12]. Together, these findings support a model in which excessive
WNT/B-catenin signaling represents a central driver of NEDAMSS-associated brain pathology.
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Table 1. Dysregulation of WNT/WG signaling in neurological diseases and its potential relevance to NEDAMSS-
associated brain pathology.

Disease Role of WNT/WG signaling Key Implications for NEDAMSS
references
Alzheimer’s disease Promotes synaptic plasticity, neuronal survival, [39-42] Suggests that WNT impairment in
(AD) neurogenesis, and BBB integrity; suppresses NEDAMSS may drive synaptic
amyloid-p and tau pathology. Dysregulation dysfunction, neuronal vulnerability, and
accelerates synaptic loss and neurodegeneration. cognitive-motor decline.
Autism spectrum Abnormal WNT/B-catenin signaling disrupts [43-47] Supports the role of WNT
disorder (ASD) neurodevelopmental programs, synaptic dysregulation in NEDAMSS-related
connectivity, and behavioral outcomes. developmental delay, atypical motor
control, and cognitive phenotypes.
Parkinson’s Regulates dopaminergic neuron survival and [48, 49] Provides a mechanistic basis for WNT-
disease (PD) synaptic function; restoration of WNT activity linked dopaminergic vulnerability in
improves neuronal resilience. NEDAMSS, potentially explaining
dystonia, tremor, and Parkinsonian
features.
Neuropsychiatric WNT pathway dysregulation is associated with [50-53] Suggests that WNT disruption may
disorders (NSD) schizophrenia, bipolar disorder, and others, contribute to cognitive, affective, and
affecting cortical development and higher-order behavioral disturbances reported in
brain function. NEDAMSS.

BBB: blood-brain barrier; NEDAMSS: Neurodevelopmental Disorder with Regression, Abnormal Movements, Loss of Speech,
and Seizures; WNT/WG: Wingless-related integration site.

IRF2BPL also exerts key nuclear functions, acting as a transcriptional co-repressor through its N-
terminal coiled-coil and C-terminal RING finger domains [1]. It regulates genes involved in neuroendocrine
signaling and neuronal cell activity. For example, IRF2BPL normally represses GnRH, and loss-of-function
may impair this regulatory axis in NEDAMSS [18]. In addition, IRF2BPL represses IEGs, which are critical
for neuronal cell plasticity, learning, and memory [5, 25]. Loss of IRF2BPL-mediated repression leads to IEG
overexpression, excessive synaptic activity, heightened excitability, and dysregulated calcium dynamics [5,
25]. This hyperexcitability lowers the seizure threshold, predisposing patients to epilepsy, a clinical
hallmark of NEDAMSS [1, 25]. Seizures, in turn, exacerbate neuronal stress by amplifying excitotoxic
glutamate release and calcium influx, creating a self-reinforcing cycle of oxidative stress, metabolic strain,
and neuronal injury [1, 2, 14]. This impaired metabolic resilience likely accelerates neuronal cell
vulnerability and degeneration [1, 2, 12].

Taken together, the emerging pathogenic architecture of NEDAMSS reflects a multilayered convergence
of nuclear, cytoplasmic, and neuroimmune dysfunction, with dysregulated WNT/f-catenin signaling
increasingly recognized as a central mechanistic hub. Loss of IRF2BPL function disrupts transcriptional
repression and proteostatic surveillance, promoting cytoplasmic mislocalization and aggregation of
IRF2BPL and related neuronal proteins, aberrant activation of WNT/B-catenin dependent transcription,
and secondary mitochondrial and metabolic impairment [1, 9, 12]. These primary defects destabilize
neuronal cell maintenance programs, lower the threshold for progressive neurodegeneration, and prime
the CNS for maladaptive inflammatory responses.

Viewed within this broader mechanistic architecture, the cascade observed in NEDAMSS aligns with a
well-recognized paradigm across other CNS diseases, in which abnormal accumulation of neuronal proteins
and glycolipids triggers protein misfolding and is tightly interconnected with disease progression [54-64].
In neurodegenerative disorders defined by pathogenic protein aggregation, including a-synuclein in
Parkinson’s disease, amyloid-3 and tau in Alzheimer’s disease, and combined a-synuclein/tau pathologies
in dementia with Lewy bodies and multiple system atrophy, misfolded protein species act as potent
activators of neuronal and glial cell sensing pathways [65-74]. Their accumulation and aberrant
conformations trigger innate immune receptors, amplify neuroinflammatory cascades, and accelerate the
progression of neurodegeneration [55, 56, 65-75]. These parallels focus on a unifying principle that the
biochemical identity, conformational state, and cellular handling of aggregated or misfolded IRF2ZBPL
proteins likely determine how neural cells detect, interpret, and respond to injury-associated signals. This
background suggests that similar protein-aggregation-driven mechanisms may be operative in NEDAMSS,
shaping both the inflammatory milieu and the trajectory of neurodegeneration.
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If this happens as predicted here, immunotherapy development against such abnormal neuronal
protein could be a direct potential treatment for NEDAMSS patients, as such therapies, like anti-alpha
synuclein and anti-amyloid 8 therapy, are currently in place for the treatment of patients with Parkinson’s
and Alzheimer’s diseases [76-82]. Active and passive a-synuclein immunotherapies are already being
explored as disease-modifying approaches in Parkinson’s disease [76, 77, 83-88]. Similarly, substantial
progress has been achieved in Af-directed therapies, with agents such as aducanumab, lecanemab, and
donanemab demonstrating robust amyloid plaque clearance and potential clinical benefit in Alzheimer’s
disease [78-82, 89]. These advances suggest the feasibility of designing targeted immunotherapies against
disease-defining protein species and provide a compelling conceptual foundation for future therapeutic
development in NEDAMSS.

Perspectives and future challenges

Despite meaningful progress in defining IRFZBPL-related neurodevelopmental disorders, substantial
challenges remain in timely diagnosis, mechanistic resolution, and therapeutic development for NEDAMSS.
Clinical overlap with other early-onset regression syndromes continues to delay recognition, reinforcing
the need for heightened clinical awareness and early genomic evaluation. Ensuring equitable access to
sequencing technologies and coordinated multidisciplinary care will be essential for improving diagnostic
yield and long-term outcomes. The absence of validated biomarkers, quantitative functional readouts, and
standardized outcome measures continues to limit clinical monitoring and impede trial readiness.
Coordinated efforts, including multicenter natural history studies, harmonized phenotyping principles, and
prospective patient registries, will be critical for defining disease paths, refining genotype-phenotype
correlations, and supporting the development of mechanism-based interventions.

Mechanistic gaps also persist. Current evidence indicates that IRF2BPL dysfunction primarily reflects
loss of nuclear function and dysregulated WNT signaling, while the cytoplasmic puncta observed in some
model systems likely represent mislocalized, unstable, or truncated IRF2BPL protein species [1, 2, 10-12].
An important emerging concept is that, under conditions of chronic stress or impaired proteostasis, these
species may interact, coalesce, and potentially evolve into higher-order aggregated structures, thereby
adding a second layer of toxicity beyond simple loss of function. Future studies should define the
biochemical composition, aggregation propensity, and cellular handling of these cytoplasmic species and
determine whether they act as seeds for broader disturbances in protein homeostasis or
neuroinflammatory mechanism activation. Parallel efforts should clarify how IRF2BPL loss alters neuronal
signaling, synaptic maintenance, and vulnerability to injury, and how downstream consequences, such as
WNT pathway overactivation, impaired transcriptional repression, and secondary neuroinflammatory
responses, shape disease progression. Additional priorities include identifying selectively vulnerable
neuronal cell populations, mapping disruptions in cellular signaling and protein homeostasis, and
integrating these insights with rational therapeutic strategies. By linking mechanistic understanding with
early diagnosis, structured natural history data, and coordinated clinical care, the field is increasingly well-
positioned to accelerate the development of precision-based therapies for NEDAMSS.

Conclusion

NEDAMSS is an ultra-rare neurological disorder marked by substantial clinical heterogeneity, contributing
to delayed diagnosis and persistent under-recognition [9, 24, 33]. Variation in age of onset, disease severity,
and rate of progression is likely shaped by mutation type, residual IRF2BPL activity, and additional genetic
modifiers; however, clear genotype-phenotype correlations remain elusive [9, 10, 24]. This uncertainty
continues to impede accurate prognostication and the rational design of targeted therapeutic strategies [2,
31]. Converging evidence supports loss of IRF2BPL function as the central pathogenic mechanism in
NEDAMSS. IRF2BPL is essential for maintaining neuronal homeostasis, and disruption of its transcriptional
and regulatory roles [1, 2, 38, 90] precipitates neurodevelopmental regression, progressive
neurodegeneration, and frequently refractory seizures [24, 31].
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Figure 1. Proposed mechanistic model linking IRF2BPL loss of function to NEDAMSS pathophysiology. This figure was
conceptualized and produced by M.K.P. using original artistic expertise, integrating mechanistic insights derived from the
literature. Interferon Regulatory Factor 2 Binding Protein-Like (/IRF2BPL) gene defects and the resulting translocation of mutant
IRF2BPL protein from the nucleus to the cytoplasm trigger the formation of protein aggregates that aberrantly activate WNT/(3-
catenin signaling. This cascade leads to dysregulated gene expression, neuronal dysfunction, and the characteristic features of
Neurodevelopmental Disorder with Regression, Abnormal Movements, Loss of Speech, and Seizures (NEDAMSS).

Although the precise molecular intermediates linking IRF2ZBPL dysfunction to WNT hyperactivation,
emerging protein aggregation, and neuroimmune engagement remain incompletely defined, the integrated
model illustrated in Figure 1 provides a coherent systems-level explanation for how a single-gene defect
can drive developmental regression, seizures, and progressive neurodegeneration. In this operational
model, loss of IRF2BPL function initiates a cascade in which nuclear depletion and cytoplasmic
mislocalization of mutant IRF2BPL promote aggregate formation that aberrantly activates WNT/-catenin
signaling, leading to dysregulated gene expression and neuronal cell vulnerability. Within this model,
WNT/B-catenin signaling and its downstream inflammatory mediators emerge as central, pathway-
targeted points of intervention. Therapeutic strategies that restore proteostasis, recalibrate aberrant WNT
activity, or attenuate chronic neuroinflammation may therefore hold promise for modifying the disease
pathway in NEDAMSS, rather than merely mitigating downstream manifestations.

As depicted in Figure 1, pathogenic IRFZBPL variants disrupt transcriptional repression and
proteostatic surveillance, enabling truncated or mislocalized IRF2BPL species normally unstable and
rapidly degraded to accumulate under conditions of cellular stress. These species may aberrantly interact
and assemble into higher-order aggregated structures that impose a secondary gain-of-burden effect,
amplifying stress-response pathways, perturbing protein homeostasis, and further sensitizing neurons to
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injury. In this view, aggregation-linked toxicity operates in parallel with the primary loss of nuclear
IRF2BPL function, together creating a multilayered vulnerability across neuronal compartments that
ultimately converges on WNT dysregulation and neuroimmune activation.

Despite several such advances, major challenges remain, including delayed diagnosis, limited access to
comprehensive genomic testing, and the absence of validated biomarkers for disease monitoring or
therapeutic response [1, 2, 26-28, 30, 31, 33, 91]. Addressing these gaps while deepening mechanistic
understanding of IRF2BPL dysfunction, WNT pathway dysregulation, proteostasis failure, and
neuroimmune activation will be essential for translating emerging biological insights into effective
therapies. Continued progress in defining NEDAMSS pathogenesis and natural history provides a critical
foundation for therapeutic development and integrating these clinical and mechanistic insights to advance
rational, pathway-directed interventions. As the field moves toward targeted strategies that restore
proteostasis, modulate WNT signaling, or temper chronic neuroinflammation, a more complete
understanding of disease biology will be indispensable for shaping the next generation of treatments for
this disturbing disorder.

Abbreviations

ASD: autism spectrum disorder

CNS: central nervous system

GnRH: gonadotropin-releasing hormone

HDAC: histone deacetylases

IEGs: immediate early genes

IRFZBPL: interferon regulatory factor 2 binding protein-like

NEDAMSS: Neurodevelopmental Disorder with Regression, Abnormal Movements, Loss of Speech, and
Seizures

NEUROD1: neurogenic differentiation 1
NMD: nonsense-mediated decay

WNT/WG: Wingless-related integration site

Declarations
Acknowledgments

The authors acknowledge the support of the Tough Genes Foundation (Petersburg, MI, USA). As our first
scientific contribution on behalf of the Foundation, this review reflects our commitment to advancing
understanding of NEDAMSS and informing future diagnostic and therapeutic efforts. We also acknowledge
the foundational contributions of Dr. Manoj Pandey’s previous laboratory in the Division of Human Genetics
at Cincinnati Children’s Hospital Medical Center (Cincinnati, OH, USA). We thank Vian Pandey for assistance
with manuscript editing and express our gratitude to the patients and families whose experiences continue
to guide progress in this ultra-rare disorder.

Author contributions

MJSC: Writing—original draft. AFM: Data curation, Formal analysis. MKP: Conceptualization, Methodology,
Supervision, Resources, Writing—original draft, Writing—review & editing, Data curation, Visualization,
Project administration. All authors reviewed and approved the final manuscript and agreed to its
submission.

Conflicts of interest

The authors declare that there are no competing interests.

Explor Neuroprot Ther. 2026;6:1004142 | https://doi.org/10.37349/ent.2026.1004142 Page 11



Ethical approval

Not applicable.

Consent to participate

Not applicable.

Consent to publication

Not applicable.

Availability of data and materials

Not applicable.

Funding

Not applicable

Copyright
© The Author(s) 2026.

Publisher’s note

Open Exploration maintains a neutral stance on jurisdictional claims in published institutional affiliations
and maps. All opinions expressed in this article are the personal views of the author(s) and do not
represent the stance of the editorial team or the publisher.

References

1.

Sinha Ray S, Dutta D, Dennys C, Powers S, Roussel F, Lisowski P, et al. Mechanisms of IRF2BPL-related

disorders and identification of a potential therapeutic strategy. Cell Rep. 2022;41:111751. [DOI]
[PubMed]

Bauersachs D, Bomholtz L, Del Rey Mateos S, Kiihn R, Lisowski P. Novel human neurodevelopmental
and neurodegenerative disease associated with IRF2BPL gene variants-mechanisms and therapeutic
avenues. Front Neurosci. 2024;18:1426177. [DOI] [PubMed] [PMC]

Ramalho-Oliveira R, Oliveira-Vieira B, Viola JPB. IRF2BP2: A new player in the regulation of cell
homeostasis. ] Leukoc Biol. 2019;106:717-23. [DOI] [PubMed]

Pastor TP, Peixoto BC, Viola JPB. The Transcriptional Co-factor IRF2BP2: A New Player in Tumor
Development and Microenvironment. Front Cell Dev Biol. 2021;9:655307. [DOI] [PubMed] [PMC]
Barysch SV, Stankovic-Valentin N, Miedema T, Karaca S, Doppel ], Nait Achour T, et al. Transient
deSUMOylation of IRF2BP proteins controls early transcription in EGFR signaling. EMBO Rep. 2021;
22:e49651. [DOI] [PubMed] [PMC]

Vanagunas T, Seiwert EU, Larsh TR, Marcogliese PC, Pena LDM. IRF2BPL-Related Disorder. In: Adam
MP, Bick S, Mirzaa GM, Pagon RA, Wallace SE, Amemiya A, editors. GeneReviews®. Seattle: University
of Washington; 1993. [PubMed]

Horovitz DDG, de Faria Domingues de Lima MA, Pires LC, Campos Araujo AQ, Vargas FR. Neurological
Phenotypes of IRFZBPL Gene Variants: A Report of Four Novel Variants. ] Cent Nerv Syst Dis. 2023;15:
11795735231181467. [DOI] [PubMed] [PMC]

Shelkowitz E, Singh JK, Larson A, Elias ER. IRF2BPL gene mutation: Expanding on neurologic
phenotypes. Am ] Med Genet A. 2019;179:2263-71. [DOI] [PubMed]

Marcogliese PC, Shashi V, Spillmann RC, Stong N, Rosenfeld JA, Koenig MK, et al. IRF2BPL s Associated
with Neurological Phenotypes. Am ] Hum Genet. 2018;103:245-60. [DOI] [PubMed] [PMC]

Explor Neuroprot Ther. 2026;6:1004142 | https://doi.org/10.37349/ent.2026.1004142 Page 12


https://dx.doi.org/10.1016/j.celrep.2022.111751
http://www.ncbi.nlm.nih.gov/pubmed/36476864
https://dx.doi.org/10.3389/fnins.2024.1426177
http://www.ncbi.nlm.nih.gov/pubmed/38903604
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11187338
https://dx.doi.org/10.1002/JLB.MR1218-507R
http://www.ncbi.nlm.nih.gov/pubmed/31022319
https://dx.doi.org/10.3389/fcell.2021.655307
http://www.ncbi.nlm.nih.gov/pubmed/33996817
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8116537
https://dx.doi.org/10.15252/embr.201949651
http://www.ncbi.nlm.nih.gov/pubmed/33480129
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7926235
http://www.ncbi.nlm.nih.gov/pubmed/39571061
https://dx.doi.org/10.1177/11795735231181467
http://www.ncbi.nlm.nih.gov/pubmed/37346291
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10280516
https://dx.doi.org/10.1002/ajmg.a.61328
http://www.ncbi.nlm.nih.gov/pubmed/31432588
https://dx.doi.org/10.1016/j.ajhg.2018.07.006
http://www.ncbi.nlm.nih.gov/pubmed/30057031
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6081494

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Tran Mau-Them F, Guibaud L, Duplomb L, Keren B, Lindstrom K, Marey I, et al. De novo truncating
variants in the intronless IRF2BPL are responsible for developmental epileptic encephalopathy. Genet
Med. 2019;21:1008-14. [DOI] [PubMed]

Qian XH, Liu XY, Zhu ZY, Wang SG, Song XX, Chen G, et al. Neurodevelopmental disorder caused by a
truncating de novo variant of IRF2BPL. Seizure. 2021;84:47-52. [DOI] [PubMed]

Marcogliese PC, Dutta D, Ray SS, Dang NDP, Zuo Z, Wang Y, et al. Loss of IRF2BPL impairs neuronal
maintenance through excess Wnt signaling. Sci Adv. 2022;8:eabl5613. [DOI] [PubMed] [PMC(]

Pascual DM, Jebreili Rizi D, Kaur H, Marcogliese PC. Excess Wnt in neurological disease. Biochem ]J.
2025;482:601-18. [DOI] [PubMed] [PMC]

Mahdiannasser M, Rashidi-Nezhad A, Badv RS, Akrami SM. Exploring the genetic etiology of drug-
resistant epilepsy: incorporation of exome sequencing into practice. Acta Neurol Belg. 2022;122:
1457-68. [DOI] [PubMed]

Higashimori A, Dong Y, Zhang Y, Kang W, Nakatsu G, Ng SSM, et al. Forkhead Box F2 Suppresses
Gastric Cancer through a Novel FOXF2-IRF2BPL--Catenin Signaling Axis. Cancer Res. 2018;78:
1643-56. [DOI] [PubMed]

Heger S, Mastronardi C, Dissen GA, Lomniczi A, Cabrera R, Roth CL, et al. Enhanced at puberty 1
(EAP1) is a new transcriptional regulator of the female neuroendocrine reproductive axis. ] Clin
Invest. 2007;117:2145-54. [DOI] [PubMed] [PMC(]

Li C, Li P. Enhanced at Puberty-1 (Eap1) Expression Critically Regulates the Onset of Puberty

Independent of Hypothalamic Kiss1 Expression. Cell Physiol Biochem. 2017;43:1402-12. [DOI]
[PubMed]

Mancini A, Howard SR, Cabrera CP, Barnes MR, David A, Wehkalampi K, et al. EAP1 regulation of GnRH
promoter activity is important for human pubertal timing. Hum Mol Genet. 2019;28:1357-68. [DOI]
[PubMed] [PMC]

von Bohlen Und Halbach O, Klausch M. The Neurotrophin System in the Postnatal Brain-An
Introduction. Biology (Basel). 2024;13:558. [DOI] [PubMed] [PMC]

Pavlinkova G, Smolik O. NEUROD1: transcriptional and epigenetic regulator of human and mouse
neuronal and endocrine cell lineage programs. Front Cell Dev Biol. 2024;12:1435546. [DOI] [PubMed]
[PMC]

Li Q, Smith JT, Henry B, Rao A, Pereira A, Clarke IJ. Expression of genes for Kisspeptin (KISS1),
Neurokinin B (TAC3), Prodynorphin (PDYN), and gonadotropin inhibitory hormone (RFRP) across
natural puberty in ewes. Physiol Rep. 2020;8:14399. [DOI] [PubMed] [PMC]

Ojeda SR, Dubay C, Lomniczi A, Kaidar G, Matagne V, Sandau US, et al. Gene networks and the
neuroendocrine regulation of puberty. Mol Cell Endocrinol. 2010;324:3-11. [DOI] [PubMed] [PMC(]
Tanaka T, Chung HL. Exploiting fly models to investigate rare human neurological disorders. Neural
Regen Res. 2025;20:21-8. [DOI] [PubMed] [PMC(]

Iwama K, Kato M, Uchiyama Y, Sakamoto M, Miyamoto R, Izumi Y, et al. Clinical and genetic spectrum
of patients with IRF2BPL syndrome. ] Hum Genet. 2025;70:181-8. [DOI] [PubMed]

Alatrash S, Street D, O’'Driscoll M, Samra AD. Late-Onset Ataxia, Chorea, Cognitive Impairment, and
Insomnia: Expanding the Phenotype of IRF2ZBPL-Related Disease. ] Mov Disord. 2025;18:274-6. [DOI]
[PubMed] [PMC]

Heide S, Davoine CS, Cunha P, Scherer-Gagou C, Keren B, Stevanin G, et al. IRFZBPL Causes Mild
Intellectual Disability Followed by Late-Onset Ataxia. Neurol Genet. 2023;9:e200096. [DOI] [PubMed]
[PMC]

Costa C, Oliver KL, Calvello C, Cameron JM, Imperatore V, Tonelli L, et al. IRF2BPL: A new genotype for
progressive myoclonus epilepsies. Epilepsia. 2023;64:e164-9. [DOI] [PubMed]

Gardella E, Michelucci R, Christensen HM, Fenger CD, Reale C, Riguzzi P, et al. IRF2ZBPL as a novel
causative gene for progressive myoclonus epilepsy. Epilepsia. 2023;64:e170-6. [DOI] [PubMed]

Explor Neuroprot Ther. 2026;6:1004142 | https://doi.org/10.37349/ent.2026.1004142 Page 13


https://dx.doi.org/10.1038/s41436-018-0143-0
http://www.ncbi.nlm.nih.gov/pubmed/30166628
https://dx.doi.org/10.1016/j.seizure.2020.11.006
http://www.ncbi.nlm.nih.gov/pubmed/33278788
https://dx.doi.org/10.1126/sciadv.abl5613
http://www.ncbi.nlm.nih.gov/pubmed/35044823
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8769555
https://dx.doi.org/10.1042/BCJ20240265
http://www.ncbi.nlm.nih.gov/pubmed/40377402
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12203940
https://dx.doi.org/10.1007/s13760-022-02095-9
http://www.ncbi.nlm.nih.gov/pubmed/36127562
https://dx.doi.org/10.1158/0008-5472.CAN-17-2403
http://www.ncbi.nlm.nih.gov/pubmed/29374064
https://dx.doi.org/10.1172/JCI31752
http://www.ncbi.nlm.nih.gov/pubmed/17627301
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1906733
https://dx.doi.org/10.1159/000481872
http://www.ncbi.nlm.nih.gov/pubmed/29017168
https://dx.doi.org/10.1093/hmg/ddy451
http://www.ncbi.nlm.nih.gov/pubmed/30608578
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6452208
https://dx.doi.org/10.3390/biology13080558
http://www.ncbi.nlm.nih.gov/pubmed/39194496
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11352095
https://dx.doi.org/10.3389/fcell.2024.1435546
http://www.ncbi.nlm.nih.gov/pubmed/39105169
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11298428
https://dx.doi.org/10.14814/phy2.14399
http://www.ncbi.nlm.nih.gov/pubmed/32170819
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7070159
https://dx.doi.org/10.1016/j.mce.2009.12.003
http://www.ncbi.nlm.nih.gov/pubmed/20005919
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2888991
https://dx.doi.org/10.4103/NRR.NRR-D-23-01847
http://www.ncbi.nlm.nih.gov/pubmed/38767473
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11246155
https://dx.doi.org/10.1038/s10038-025-01316-2
http://www.ncbi.nlm.nih.gov/pubmed/39843638
https://dx.doi.org/10.14802/jmd.25030
http://www.ncbi.nlm.nih.gov/pubmed/40230227
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12301853
https://dx.doi.org/10.1212/NXG.0000000000200096
http://www.ncbi.nlm.nih.gov/pubmed/38235039
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10586800
https://dx.doi.org/10.1111/epi.17557
http://www.ncbi.nlm.nih.gov/pubmed/36810721
https://dx.doi.org/10.1111/epi.17634
http://www.ncbi.nlm.nih.gov/pubmed/37114479

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

Venkateswaran S, Michaud ], Ito Y, Geraghty M, Lewis EC, Ellezam B, et al. IRF2BPL-Related Disorder,
Causing Neurodevelopmental Disorder with Regression, Abnormal Movements, Loss of Speech and
Seizures (NEDAMSS) Is Characterized by Pathology Consistent with DRPLA. Mov Disord. 2024;39:
2102-9. [DOI] [PubMed]

Wang Y, Ke Z, Li Y, Qiu M, Liu ], Yang Z, et al. De novo variants of IRF2BPL result in developmental
epileptic disorder. Orphanet ] Rare Dis. 2024;19:121. [DOI] [PubMed] [PMC(]

Pisano S, Melis M, Figorilli M, Polizzi L, Rocchi L, Giglio S, et al. Neurological phenomenology of the
IRF2BPL mutation syndrome: Analysis of a new case and systematic review of the literature. Seizure.
2022;99:12-5. [DOI] [PubMed]

Ganos C, Zittel S, Hidding U, Funke C, Biskup S, Bhatia KP. IRF2BPL mutations cause autosomal
dominant dystonia with anarthria, slow saccades and seizures. Parkinsonism Relat Disord. 2019;68:
57-9. [DOI] [PubMed]

Lou X, Li W, Pang M, Wang Y, Zhu X, Geng J. Clinical characterization of IRF2ZBPL mutation: Case series
and review of the literature. Medicine (Baltimore). 2025;104:e41078. [DOI] [PubMed] [PMC]
Kristiansen K, Vernal DL, Hulgaard DR. Expanding the phenotype of NEDAMSS with a psychiatric
perspective: analysis of a new case, and a systematic review of the literature. Eur Child Adolesc
Psychiatry. 2025;34:835-52. [DOI] [PubMed]

Mascalchi M. MRI CNS Atrophy Pattern and the Etiologies of Progressive Ataxias. Tomography. 2022;
8:423-37. [DOI] [PubMed] [PMC(]

Poretti A, Blaser SI, Lequin MH, Fatemi A, Meoded A, Northington FJ, et al. Neonatal neuroimaging
findings in inborn errors of metabolism. ] Magn Reson Imaging. 2013;37:294-312. [DOI] [PubMed]
[PMC]

Keener AB. Whole-genome sequencing susses out rare diseases. Nature. 2025;[Epub ahead of print].
[DOI] [PubMed]

LiuY, Yang Y, Lin Y, Wei B, Hu X, Xu L, et al. N®-methyladenosine-modified circRNA RERE modulates
osteoarthritis by regulating 3-catenin ubiquitination and degradation. Cell Prolif. 2023;56:e13297.
[DOI] [PubMed] [PMC(]

Tapia-Rojas C, Inestrosa NC. Wnt signaling loss accelerates the appearance of neuropathological
hallmarks of Alzheimer’s disease in J20-APP transgenic and wild-type mice. ] Neurochem. 2018;144:
443-65. [DOI] [PubMed]

Garner B, Ooi L. Wnt is here! Could Wnt signalling be promoted to protect against Alzheimer disease? |
Neurochem. 2018;144:356-9. [DOI] [PubMed]

Palomer E, Buechler ], Salinas PC. Wnt Signaling Deregulation in the Aging and Alzheimer's Brain.
Front Cell Neurosci. 2019;13:227. [DOI] [PubMed] [PMC(]

Narvaes RF, Furini CRG. Role of Wnt signaling in synaptic plasticity and memory. Neurobiol Learn
Mem. 2022;187:107558. [DOI] [PubMed]

Caracci MO, Avila ME, De Ferrari GV. Synaptic Wnt/GSK3p Signaling Hub in Autism. Neural Plast.
2016;2016:9603751. [DOI] [PubMed] [PMC(]

Caracci MO, Avila ME, Espinoza-Cavieres FA, Lépez HR, Ugarte GD, De Ferrari GV. Wnt/3-Catenin-
Dependent Transcription in Autism Spectrum Disorders. Front Mol Neurosci. 2021;14:764756. [DOI]
[PubMed] [PMC]

Bou Najm D, Alame S, Takash Chamoun W. Unraveling the Role of Wnt Signaling Pathway in the
Pathogenesis of Autism Spectrum Disorder (ASD): A Systematic Review. Mol Neurobiol. 2025;62:
4971-92. [DOI] [PubMed]

Park G, Jang WE, Kim S, Gonzales EL, Ji ], Choi S, et al. Dysregulation of the Wnt/B-catenin signaling
pathway via Rnf146 upregulation in a VPA-induced mouse model of autism spectrum disorder. Exp
Mol Med. 2023;55:1783-94. [DOI] [PubMed] [PMC]

Explor Neuroprot Ther. 2026;6:1004142 | https://doi.org/10.37349/ent.2026.1004142 Page 14


https://dx.doi.org/10.1002/mds.29938
http://www.ncbi.nlm.nih.gov/pubmed/39224955
https://dx.doi.org/10.1186/s13023-024-03130-z
http://www.ncbi.nlm.nih.gov/pubmed/38481258
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10938665
https://dx.doi.org/10.1016/j.seizure.2022.04.010
http://www.ncbi.nlm.nih.gov/pubmed/35525099
https://dx.doi.org/10.1016/j.parkreldis.2019.09.020
http://www.ncbi.nlm.nih.gov/pubmed/31621620
https://dx.doi.org/10.1097/MD.0000000000041078
http://www.ncbi.nlm.nih.gov/pubmed/40184118
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11709191
https://dx.doi.org/10.1007/s00787-024-02522-7
http://www.ncbi.nlm.nih.gov/pubmed/39031186
https://dx.doi.org/10.3390/tomography8010035
http://www.ncbi.nlm.nih.gov/pubmed/35202200
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8877967
https://dx.doi.org/10.1002/jmri.23693
http://www.ncbi.nlm.nih.gov/pubmed/22566357
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4000315
https://dx.doi.org/10.1038/d41586-025-01014-1
http://www.ncbi.nlm.nih.gov/pubmed/40247064
https://dx.doi.org/10.1111/cpr.13297
http://www.ncbi.nlm.nih.gov/pubmed/35733354
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9816929
https://dx.doi.org/10.1111/jnc.14278
http://www.ncbi.nlm.nih.gov/pubmed/29240990
https://dx.doi.org/10.1111/jnc.14276
http://www.ncbi.nlm.nih.gov/pubmed/29372570
https://dx.doi.org/10.3389/fncel.2019.00227
http://www.ncbi.nlm.nih.gov/pubmed/31191253
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6538920
https://dx.doi.org/10.1016/j.nlm.2021.107558
http://www.ncbi.nlm.nih.gov/pubmed/34808336
https://dx.doi.org/10.1155/2016/9603751
http://www.ncbi.nlm.nih.gov/pubmed/26881141
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4736967
https://dx.doi.org/10.3389/fnmol.2021.764756
http://www.ncbi.nlm.nih.gov/pubmed/34858139
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8632544
https://dx.doi.org/10.1007/s12035-024-04558-x
http://www.ncbi.nlm.nih.gov/pubmed/39489840
https://dx.doi.org/10.1038/s12276-023-01065-2
http://www.ncbi.nlm.nih.gov/pubmed/37524878
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10474298

47.

48.

49,

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Vallée A, Vallée N, Lecarpentier Y. PPARy agonists: potential treatment for autism spectrum disorder

by inhibiting the canonical WNT/f-catenin pathway. Mol Psychiatry. 2019;24:643-52. [DOI]
[PubMed]

L’Episcopo F, Tirolo C, Testa N, Caniglia S, Morale MC, Serapide MF, et al. Wnt/3-catenin signaling is
required to rescue midbrain dopaminergic progenitors and promote neurorepair in ageing mouse
model of Parkinson’s disease. Stem Cells. 2014;32:2147-63. [DOI] [PubMed] [PMC]

L’Episcopo F, Tirolo C, Caniglia S, Testa N, Morale MC, Serapide MF, et al. Targeting Wnt signaling at
the neuroimmune interface for dopaminergic neuroprotection/repair in Parkinson’s disease. ] Mol
Cell Biol. 2014;6:13-26. [DOI] [PubMed] [PMC]

Panaccione I, Napoletano F, Forte AM, Kotzalidis GD, Del Casale A, Rapinesi C, et al. Neurodevelopment
in schizophrenia: the role of the wnt pathways. Curr Neuropharmacol. 2013;11:535-58. [DOI]
[PubMed] [PMC]

Hoseth EZ, Krull F, Dieset I, Mgrch RH, Hope S, Gardsjord ES, et al. Exploring the Wnt signaling
pathway in schizophrenia and bipolar disorder. Transl Psychiatry. 2018;8:55. [DOI] [PubMed] [PMC]
Manafzadeh F, Baradaran B, Noor Azar SG, Javidi Aghdam K, Dabbaghipour R, Shayannia A, et al.
Expression study of Wnt/{3-catenin signaling pathway associated IncRNAs in schizophrenia. Ann Gen
Psychiatry. 2025;24:4. [DOI] [PubMed] [PMC(]

Hussaini SMQ, Choi CI, Cho CH, Kim HJ, Jun H, Jang MH. Wnt signaling in neuropsychiatric disorders:
ties with adult hippocampal neurogenesis and behavior. Neurosci Biobehav Rev. 2014;47:369-83.
[DOI] [PubMed] [PMC(]

Zhang W, Xiao D, Mao Q, Xia H. Role of neuroinflammation in neurodegeneration development. Signal
Transduct Target Ther. 2023;8:267. [DOI] [PubMed] [PMC(]

Manoj Kumar P. Complement Inhibition Expands the Therapeutic Window of Amyloid-f8
Immunotherapy in Alzheimer’s Disease. Discovery Med. 2025;37:1409-15. [DOI]

Pandey MK. The Role of Alpha-Synuclein Autoantibodies in the Induction of Brain Inflammation and
Neurodegeneration in Aged Humans. Front Aging Neurosci. 2022;14:902191. [DOI] [PubMed] [PMC(]
Hatton SL, Pandey MK. Fat and Protein Combat Triggers Immunological Weapons of Innate and
Adaptive Immune Systems to Launch Neuroinflammation in Parkinson’s Disease. Int ] Mol Sci. 2022;
23:1089. [DOI] [PubMed] [PMC]

Magnusen AF, Hatton SL, Rani R, Pandey MK. Genetic Defects and Pro-inflammatory Cytokines in
Parkinson’s Disease. Front Neurol. 2021;12:636139. [DOI] [PubMed] [PMC(C]

Magnusen D, Nyamajenjere T, Rapien ], Mckay M, Magnusen A, Pandey M. Dendritic cells, CD4+ T cells,
and a synuclein triangle fuels neuroinflammation in Parkinson’s disease (P3.053). Neurology. 2018;
90:P3.053. [DOI]

Su R, Zhou T. Alpha-Synuclein Induced Immune Cells Activation and Associated Therapy in
Parkinson’s Disease. Front Aging Neurosci. 2021;13:769506. [DOI] [PubMed] [PMC(]

Currais A, Fischer W, Maher P, Schubert D. Intraneuronal protein aggregation as a trigger for
inflammation and neurodegeneration in the aging brain. FASEB ]J. 2017;31:5-10. [DOI] [PubMed]
[PMC]

Ciryam P, Tartaglia GG, Morimoto RI, Dobson CM, Vendruscolo M. Widespread aggregation and
neurodegenerative diseases are associated with supersaturated proteins. Cell Rep. 2013;5:781-90.
[DOI] [PubMed] [PMC]

Garcia-Gonzalez P, Cabral-Miranda F, Hetz C, Osorio F. Interplay Between the Unfolded Protein
Response and Immune Function in the Development of Neurodegenerative Diseases. Front Immunol.
2018;9:2541. [DOI] [PubMed] [PMC(]

Koszta O, Sotek P. Misfolding and aggregation in neurodegenerative diseases: protein quality control
machinery as potential therapeutic clearance pathways. Cell Commun Signal. 2024;22:421. [DOI]
[PubMed] [PMC]

Explor Neuroprot Ther. 2026;6:1004142 | https://doi.org/10.37349/ent.2026.1004142 Page 15


https://dx.doi.org/10.1038/s41380-018-0131-4
http://www.ncbi.nlm.nih.gov/pubmed/30104725
https://dx.doi.org/10.1002/stem.1708
http://www.ncbi.nlm.nih.gov/pubmed/24648001
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4106883
https://dx.doi.org/10.1093/jmcb/mjt053
http://www.ncbi.nlm.nih.gov/pubmed/24431301
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4061726
https://dx.doi.org/10.2174/1570159X113119990037
http://www.ncbi.nlm.nih.gov/pubmed/24403877
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3763761
https://dx.doi.org/10.1038/s41398-018-0102-1
http://www.ncbi.nlm.nih.gov/pubmed/29507296
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5838215
https://dx.doi.org/10.1186/s12991-025-00545-1
http://www.ncbi.nlm.nih.gov/pubmed/39806445
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11731566
https://dx.doi.org/10.1016/j.neubiorev.2014.09.005
http://www.ncbi.nlm.nih.gov/pubmed/25263701
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4258146
https://dx.doi.org/10.1038/s41392-023-01486-5
http://www.ncbi.nlm.nih.gov/pubmed/37433768
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10336149
https://dx.doi.org/10.24976/Discov.Med.202537198.122
https://dx.doi.org/10.3389/fnagi.2022.902191
http://www.ncbi.nlm.nih.gov/pubmed/35721016
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9204601
https://dx.doi.org/10.3390/ijms23031089
http://www.ncbi.nlm.nih.gov/pubmed/35163013
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8835271
https://dx.doi.org/10.3389/fneur.2021.636139
http://www.ncbi.nlm.nih.gov/pubmed/34239490
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8259624
https://dx.doi.org/10.1212/WNL.90.15_supplement.P3.053
https://dx.doi.org/10.3389/fnagi.2021.769506
http://www.ncbi.nlm.nih.gov/pubmed/34803660
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8602361
https://dx.doi.org/10.1096/fj.201601184
http://www.ncbi.nlm.nih.gov/pubmed/28049155
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6191004
https://dx.doi.org/10.1016/j.celrep.2013.09.043
http://www.ncbi.nlm.nih.gov/pubmed/24183671
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3883113
https://dx.doi.org/10.3389/fimmu.2018.02541
http://www.ncbi.nlm.nih.gov/pubmed/30450103
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6224445
https://dx.doi.org/10.1186/s12964-024-01791-8
http://www.ncbi.nlm.nih.gov/pubmed/39215343
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11365204

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Dimoula K, Papagiannakis N, Maniati M, Stefanis L, Emmanouilidou E. Aggregated a-synuclein in
erythrocytes as a potential biomarker for idiopathic Parkinson’s Disease. Parkinsonism Relat Disord.
2025;133:107321. [DOI] [PubMed]

Srinivasan E, Chandrasekhar G, Chandrasekar P, Anbarasu K, Vickram AS, Karunakaran R, et al. Alpha-
Synuclein Aggregation in Parkinson’s Disease. Front Med (Lausanne). 2021;8:736978. [DOI]
[PubMed] [PMC]

Mehra S, Sahay S, Maji SK. a-Synuclein misfolding and aggregation: Implications in Parkinson’s
disease pathogenesis. Biochim Biophys Acta Proteins Proteom. 2019;1867:890-908. [DOI] [PubMed]
Bloom GS. Amyloid-f and tau: the trigger and bullet in Alzheimer disease pathogenesis. JAMA Neurol.
2014;71:505-8. [DOI] [PubMed] [PMC]

He Z, Guo JL, McBride ]D, Narasimhan S, Kim H, Changolkar L, et al. Amyloid-f3 plaques enhance
Alzheimer’s brain tau-seeded pathologies by facilitating neuritic plaque tau aggregation. Nat Med.
2018;24:29-38. [DOI] [PubMed] [PMC(]

Wong YC, Krainc D. a-synuclein toxicity in neurodegeneration: mechanism and therapeutic strategies.
Nat Med. 2017;23:1-13. [DOI] [PubMed] [PMC]

Vilkaite G, Vogel ], Mattsson-Carlgren N. Integrating amyloid and tau imaging with proteomics and
genomics in Alzheimer’s disease. Cell Rep Med. 2024;5:101735. [DOI] [PubMed] [PMC]

Villemagne VL, Doré V, Burnham SC, Masters CL, Rowe CC. Imaging tau and amyloid-{ proteinopathies
in Alzheimer disease and other conditions. Nat Rev Neurol. 2018;14:225-36. [DOI] [PubMed]
Chinnathambi S, Adithyan A, Chandrashekar M, Rangappa N. Tau and Amyloid beta causes microglial
activation in Alzheimer’s disease. Adv Clin Chem. 2025;128:83-107. [DOI] [PubMed]

Franzmeier N, Roemer-Cassiano SN, Bernhardt AM, Dehsarvi A, Dewenter A, Steward A, et al. Alpha
synuclein co-pathology is associated with accelerated amyloid-driven tau accumulation in Alzheimer’s
disease. Mol Neurodegener. 2025;20:31. [DOI] [PubMed] [PMC]

Pandey MK. Exploring Pro-Inflammatory Immunological Mediators: Unraveling the Mechanisms of
Neuroinflammation in Lysosomal Storage Diseases. Biomedicines. 2023;11:1067. [DOI] [PubMed]
[PMC]

Alfaidi M, Barker RA, Kuan WL. An update on immune-based alpha-synuclein trials in Parkinson’s
disease. ] Neurol. 2024;272:21. [DOI] [PubMed] [PMC]

Castonguay AM, Gravel C, Lévesque M. Treating Parkinson’s Disease with Antibodies: Previous Studies
and Future Directions. ] Parkinsons Dis. 2021;11:71-92. [DOI] [PubMed] [PMC]

Sims JR, Zimmer JA, Evans CD, Lu M, Ardayfio P, Sparks ], et al.; TRAILBLAZER-ALZ 2 Investigators.
Donanemab in Early Symptomatic Alzheimer Disease: The TRAILBLAZER-ALZ 2 Randomized Clinical
Trial. JAMA. 2023;330:512-27. [DOI] [PubMed] [PMC]

Budd Haeberlein B, Aisen PS, Barkhof F, Chalkias S, Chen T, Cohen S, et al. Two Randomized Phase 3

Studies of Aducanumab in Early Alzheimer’s Disease. ] Prev Alzheimers Dis. 2022;9:197-210. [DOI]
[PubMed]

Mintun MA, Lo AC, Duggan Evans C, Wessels AM, Ardayfio PA, Andersen SW, et al. Donanemab in Early
Alzheimer’s Disease. N Engl ] Med. 2021;384:1691-704. [DOI] [PubMed]

van Dyck CH, Swanson C], Aisen P, Bateman R], Chen C, Gee M, et al. Lecanemab in Early Alzheimer’s
Disease. N Engl ] Med. 2023;388:9-21. [DOI] [PubMed]

Vitek GE, Decourt B, Sabbagh MN. Lecanemab (BAN2401): an anti-beta-amyloid monoclonal antibody

for the treatment of Alzheimer disease. Expert Opin Investig Drugs. 2023;32:89-94. [DOI] [PubMed]
[PMC]

Schofield DJ, Irving L, Calo L, Bogstedt A, Rees G, Nuccitelli A, et al. Preclinical development of a high
affinity a-synuclein antibody, MEDI1341, that can enter the brain, sequester extracellular a-synuclein
and attenuate a-synuclein spreading in vivo. Neurobiol Dis. 2019;132:104582. [DOI] [PubMed]

Buur L, Wiedemann ], Larsen F, Ben Alaya-Fourati F, Kallunki P, Ditlevsen DK, et al. Randomized Phase
[ Trial of the a-Synuclein Antibody Lu AF82422. Mov Disord. 2024;39:936-44. [DOI] [PubMed]

Explor Neuroprot Ther. 2026;6:1004142 | https://doi.org/10.37349/ent.2026.1004142 Page 16


https://dx.doi.org/10.1016/j.parkreldis.2025.107321
http://www.ncbi.nlm.nih.gov/pubmed/39938327
https://dx.doi.org/10.3389/fmed.2021.736978
http://www.ncbi.nlm.nih.gov/pubmed/34733860
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8558257
https://dx.doi.org/10.1016/j.bbapap.2019.03.001
http://www.ncbi.nlm.nih.gov/pubmed/30853581
https://dx.doi.org/10.1001/jamaneurol.2013.5847
http://www.ncbi.nlm.nih.gov/pubmed/24493463
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC12908160
https://dx.doi.org/10.1038/nm.4443
http://www.ncbi.nlm.nih.gov/pubmed/29200205
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5760353
https://dx.doi.org/10.1038/nm.4269
http://www.ncbi.nlm.nih.gov/pubmed/28170377
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8480197
https://dx.doi.org/10.1016/j.xcrm.2024.101735
http://www.ncbi.nlm.nih.gov/pubmed/39293391
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11525023
https://dx.doi.org/10.1038/nrneurol.2018.9
http://www.ncbi.nlm.nih.gov/pubmed/29449700
https://dx.doi.org/10.1016/bs.acc.2025.06.002
http://www.ncbi.nlm.nih.gov/pubmed/40849188
https://dx.doi.org/10.1186/s13024-025-00822-3
http://www.ncbi.nlm.nih.gov/pubmed/40098057
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11916967
https://dx.doi.org/10.3390/biomedicines11041067
http://www.ncbi.nlm.nih.gov/pubmed/37189685
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10135900
https://dx.doi.org/10.1007/s00415-024-12770-x
http://www.ncbi.nlm.nih.gov/pubmed/39666171
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11638298
https://dx.doi.org/10.3233/JPD-202221
http://www.ncbi.nlm.nih.gov/pubmed/33104039
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7990466
https://dx.doi.org/10.1001/jama.2023.13239
http://www.ncbi.nlm.nih.gov/pubmed/37459141
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10352931
https://dx.doi.org/10.14283/jpad.2022.30
http://www.ncbi.nlm.nih.gov/pubmed/35542991
https://dx.doi.org/10.1056/NEJMoa2100708
http://www.ncbi.nlm.nih.gov/pubmed/33720637
https://dx.doi.org/10.1056/NEJMoa2212948
http://www.ncbi.nlm.nih.gov/pubmed/36449413
https://dx.doi.org/10.1080/13543784.2023.2178414
http://www.ncbi.nlm.nih.gov/pubmed/36749830
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10275297
https://dx.doi.org/10.1016/j.nbd.2019.104582
http://www.ncbi.nlm.nih.gov/pubmed/31445162
https://dx.doi.org/10.1002/mds.29784
http://www.ncbi.nlm.nih.gov/pubmed/38494847

85.

86.

87.

88.

89.

90.

91.

Pagano G, Taylor KI, Anzures Cabrera ], Simuni T, Marek K, Postuma RB, et al.; Prasinezumab Study
Group. Prasinezumab slows motor progression in rapidly progressing early-stage Parkinson'’s disease.
Nat Med. 2024;30:1096-103. [DOI] [PubMed] [PMC(]

Weihofen A, Liu Y, Arndt JW, Huy C, Quan C, Smith BA, et al. Development of an aggregate-selective,
human-derived a-synuclein antibody BIIBO54 that ameliorates disease phenotypes in Parkinson’s
disease models. Neurobiol Dis. 2019;124:276-88. [DOI] [PubMed]

Brys M, Fanning L, Hung S, Ellenbogen A, Penner N, Yang M, et al. Randomized phase I clinical trial of
anti-a-synuclein antibody BIIB054. Mov Disord. 2019;34:1154-63. [DOI] [PubMed] [PMC(]

Lindstrom V, Fagerqvist T, Nordstrom E, Eriksson F, Lord A, Tucker S, et al. Immunotherapy targeting
a-synuclein protofibrils reduced pathology in (Thy-1)-h[A30P] a-synuclein mice. Neurobiol Dis. 2014;
69:134-43. [DOI] [PubMed]

Cummings J, Osse AML, Cammann D, Powell ], Chen J. Anti-Amyloid Monoclonal Antibodies for the
Treatment of Alzheimer’s Disease. BioDrugs. 2024;38:5-22. [DOI] [PubMed] [PMC]

Yang F, Li H, Dai Y, Zhang R, Zhang JT. IRF2BPL gene variants with dystonia: one new Chinese case
report. BMC Neurol. 2023;23:32. [DOI] [PubMed] [PMC(]

Sainio MT, Aaltio ], Hyttinen V, Kortelainen M, Ojanen S, Paetau A, et al. Effectiveness of clinical exome
sequencing in adult patients with difficult-to-diagnose neurological disorders. Acta Neurol Scand.
2022;145:63-72. [DOI] [PubMed]

Explor Neuroprot Ther. 2026;6:1004142 | https://doi.org/10.37349/ent.2026.1004142 Page 17


https://dx.doi.org/10.1038/s41591-024-02886-y
http://www.ncbi.nlm.nih.gov/pubmed/38622249
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11031390
https://dx.doi.org/10.1016/j.nbd.2018.10.016
http://www.ncbi.nlm.nih.gov/pubmed/30381260
https://dx.doi.org/10.1002/mds.27738
http://www.ncbi.nlm.nih.gov/pubmed/31211448
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6771554
https://dx.doi.org/10.1016/j.nbd.2014.05.009
http://www.ncbi.nlm.nih.gov/pubmed/24851801
https://dx.doi.org/10.1007/s40259-023-00633-2
http://www.ncbi.nlm.nih.gov/pubmed/37955845
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10789674
https://dx.doi.org/10.1186/s12883-023-03077-x
http://www.ncbi.nlm.nih.gov/pubmed/36670390
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9862514
https://dx.doi.org/10.1111/ane.13522
http://www.ncbi.nlm.nih.gov/pubmed/34418069

	Abstract
	Keywords
	Introduction
	Methods: search and selection

	Role of the IRF2BPL
	Expression and function in the nervous system
	Pathogenic mutations
	Dual cytoplasmic and nuclear roles
	Transcriptional repression targets

	Clinical features
	Pathogenic mechanisms driving NEDAMSS
	Perspectives and future challenges
	Conclusion
	Abbreviations
	Declarations
	Acknowledgments
	Author contributions
	Conflicts of interest
	Ethical approval
	Consent to participate
	Consent to publication
	Availability of data and materials
	Funding
	Copyright

	Publisher’s note
	References

